A field experiment was conducted in sandy soil at Wadi El-Natrun region, Egypt (30°23'19.89˝ N latitude and 30°21'41.06˝ E longitude) during 2018 and 2019 seasons to evaluate growth, quality, productivity and water use efficiently of four sweet sorghum varieties (Sorghum Bicolor L. Moench) under the influence of two types of irrigation sources (fish farm waste water and well ground water irrigation) in addition to study the effect of spraying three concentration of gibberellic acid (zero, 20 and 40 ppm). The results revealed that fish farm waste water irrigation was significantly more efficient than well ground water irrigation on vegetative characters (stalk length and diameters (cm)), yield (gross and stripped stalk yields (ton/fed)) and water use efficiency (WUE of gross and stripped yields (kg/m 3 )) in both seasons. Vice versa, the irrigation by well ground water surpassed the irrigation by waste water fish farm in quality parameters (juice and syrup extraction %) and (sucrose and purity %), in addition significant increases were detected in vegetative characters, yield and water use efficiency by increasing gibberellic acid (GA3) concentrations from zero up to 40 ppm during both seasons. On the other hand, quality parameters of sweet sorghum plants decreased by increasing gibberellic acid (GA3) concentrations from zero up to 40 ppm in both seasons. Sweet sorghum AGSC3 variety over passed the other varieties with respect to stalk length and diameters (cm), yields of gross and stripped stalks yield (ton/fed) and water use efficiency (WUE) of gross and stripped stalks yield (kg/m 3 ) in both seasons. While, results showed that Ramada variety surpassed significantly the other studied varieties under this study in respect to juice and syrup extraction (%) as well as sucrose and purity (%) in both seasons.
INTRODUCTION
Sweet sorghum (Sorghum bicolor L. Moench) is one of the most important multifunctional crops that can be used for bioethanol production as well as for syrup and animal feed (Dželetović and Djordje, 2015) . Moreover, it is gaining prominence in many countries as an alternative for biofuel production (Godsey et al., 2012) due to its high production of lignocellulosic biomass and fermentable sugars (Whitfield et al., 2012) . In addition to the economic benefits, sweet sorghum has relatively low input requirements with ability to grow on marginal conditions such as water deficits, water logging, salinity and alkalinity (Supriya Mathur et al., 2017) . Yield and composition of sweet sorghum are affected by variety. Selection of the grown variety is one of the most important decisions in the production of sweet sorghum syrup. A good variety should be of a high content of total soluble solids in the juice and adapted to the environmental conditions.
Water for agriculture is critical to the future of global food security. However, the continued increase in demand for water by non-agricultural uses, such as urban and industrial uses, and greater concern for environmental quality have put the demand for irrigation water in a closer examination and threatened food security. Irrigation practices is fundamental for crop production in areas of inadequate water supply, because water is often one of the primary factors in any crop production, thus its management plays a vital role in the agricultural strategy due to the limited water resources and at the same time the land reclamation. (Fedoroff et al., 2010) Therefore, limited water and agricultural land are problematic in Egypt, in addition to climate change, predictions of increase in temperature and decrease in rainfall in recent years. There are strategy that depends on modern methods and new sources of non-traditional irrigation. One of these sources using waste water of fish farms. Agri-aquaculture is a viable and environment friendly option for increase farmer's income and netreturn. Therefore, farmer owning fish pond, water source and agricultural land at one location should go for agri-aquaculture for optimum utilization of resources, better income and ecologically sustainable development (Ray et al., 2010) . The total land area used for this kind of aquaculture is (361,326 feddans) with an annual production between 1.2 and 3.4 tones/fed. (Value-Chain Analysis of Egyptian Aquaculture, 2011). A Reuse waste water of fish farming as a new resource for irrigation and rich with organic matter can improve soil quality and crops productivity and reduce the total costs of fertilizers by adding minimum doses from mineral fertilizers and reduce the pollution in soil. Abdelraouf and Ragab (2017) found that the yield under waste water of fish farm (WWFF) was higher than the yield under the canal fresh water (IW) by 11 and 51% in 2014 and 8 and 38% in 2015 seasons.
There are different growth regulators that manifest physiological effects on crop growth, morphological development and improve yield under marginal conditions such as gibberellic acid. Gibberellic acid, also called Gibberellin A3, GA or GA3, is a very potent hormone whose natural occurrence in plants controls their development. Gibberellic acid has the ability of modifying the growth pattern by affecting the cell elongation and cell division, biosynthesis of enzymes, protein, and carbohydrates contents (Gupta and Chakrabarty, 2013 and Milne et al., 2013) . The application of plant growth regulators (GA3) can be useful not only to achieve the technological quality desired by the ethanol industry, but the quality needed for other purposes as forage. (Almodares et al., 2013) GA3 are compounds able to change the morphology and physiology of plants and can be applied at different times (Leite et al., 2011) , depending on the grower purpose for the crop.
The findings of Mokadem et al. (1999) and Abo-El Wafa and Abo-El Hamd (2001) supported a great difference between various sorghum varieties in stalk diameter, height of stalk, number of internodes, yield and its components, juice and syrup quality parameters. Datta et al. (2012) showed that sweet sorghum juice of ICSV25274 variety contains 2.9 reducing sugars, 18.5% total sugar and 1.12% protein. Al-Labboudy et al. (2008) found significant variation among the used sweet sorghum varieties in brix, sucrose, purity and reducing sugars %. Yield and composition of sweet sorghum are affected by variety. Selection of the grown variety is one of the most important decisions in the production of sweet sorghum syrup. A good variety should be of a high content of total soluble solids in the juice and adapted to the environmental conditions in the area.
The aim of this work is to investigate the influence of different sources of irrigation water combined with the effect of gibberellic acid (GA3) concentrations as a plant growth regulator on growth, quality, yield and water use efficiency of sweet sorghum varieties in Wadi El-Natrun as a new reclaimed area in Egypt.
MATERIALS AND METHODS
A field experiment was carried out at the Research Station of Water Management Research Institute (NWRC), Wadi El-Natrun, Egypt (30°23'19.89˝ N latitude, 30°21'41.06˝ E longitude and Altitude 25.5 m) during the two summer seasons of 2018 and 2019.
Plant material and experimental site
Four sweet sorghum (Sorghum bicolor L. Moench) varieties namely; AGSC3, Gkahron, Gukorcirok and Ramada were chosen for the present investigation which obtained from Agricultural Research Center (ARC). The experimental site has the following characteristics: The average mean temperature is 38.3 Cº in the hottest month (July) and 19.3 Cº in the coldest month (Jan.). Annual mean relative humidity is 70%. The soil texture was sandy soil with an average bulk density of 1.56 gm/m 3 , field capacity 9.1% and 5.9% wilting point. The seeds were sown on 1 st week of May and harvest 120 days later in both seasons. Nitrogen fertilizer was ammonium nitrate (33.5% N) applied as recommended (80 kg. N/fed), as well as phosphorus fertilizer was applied in the form of ordinary superphosphate (15.5% P2O5) as recommended (15 P2O5 kg/fed at seed bed preparation), whereas potassium fertilizer was added in the form of potassium sulfate (48 % K2O/fed.) at the rate of 48 kg K2O/fed. Other culture practices treatments, were applied as recommended by the Ministry of Agriculture and Land Reclamation.
The amount of irrigation water (2358.72 m 3 /fed) was calculated at the depth of 56.6 mm for a period of 120 days, according to the following equation demonstrated by Israelsen and Hansen (1962) . The experiment was set up in split-split plot design with 24 treatments and three replicates, each plot consisted of five rows. The plot area was 4×3 m. Drip irrigation system was used in the experiment, consist of pump, control unit, main line, and sub main line and laterals. The dripper types were GR with 4 lit/hr. discharge and 25 cm between dippers to another. The main plots of the experiment were occupied by types of irrigation sources (well ground water (Table 1) and fish farm waste water ( Table 2) ). The gibberellic acid (GA3) concentration (0, 20 and 40 ppm) were distributed at random within the sub plots applied by spray Berelex after 30 days from sowing, while sweet sorghum varieties (AGSC3, Gkahron, Gukorcirok and Ramada) occupied randomly the sub-sub plots. Data recorded: Germination ratio: The germination ratio (Gr) at each sub-sub plot at the age of 10 days from sowing was determined by using the following formula:
Where: Np = Number of plants within a length of 10 m, Ns = Number of seeds delivered within the same length. Morphological characters: stalk length and diameter (cm) from the second row of each sub-sub plot were measured at the age of 90 days from sowing. Yield: gross and stripped stalk yield (ton/fed) at harvest time (120 days from sowing) were determined by harvesting the 3 rd , 4 th and 5 th rows of each sub-sub plot, then the measured characters/m 3 convert to ton/fed.
Quality parameters:
1-Juice extraction % was determined as follow: the stalks free from leaves and husks were passed through a three roller mill to extract the juice. The raw juice was screened through layers of clean cheesecloth to remove the large pieces of suspended matters, then Juice extraction % was determined according to the following equation: Juice extraction % = juice yield (ton/fed) × 100/stripped stalk yield (ton/fed) 2-Syrup extraction % was determined as follow: the juice was evaporated in open stainless steel pan (capacity 6 liters). The concentration process was carried out as rapidly as possible, first using direct flame to boiling point, then, indirect using a hot plate (to TSS % about 73% after cooling reached 75. 00 ± 0.50%). Then the syrup extraction % were determined according to the following equation: Syrup extraction % = syrup yield (ton/fed) × 100/stripped stalk yield (ton/fed) 3-Sucrose % was determined according to the methods described in A.O. A.C. (1995) .
4-Purity % was determined by the following equation:
Purity % = Sucrose % × 100/TSS%.
Water use efficiencies (WUE)
WUE was calculated according to Jensen (1983) formula as follows:
Statistical analysis.
All data were subjected to the proper statistical analysis according to the procedures outlined by Gomez and Gomez (1984) . Means of treatments were compared at the probability level of 5% using the Least Significant Difference (LSD).
RESULTS AND DISCUSSION

Germination ratio
Concerning the germination ratio of varieties after 10 days from planting as shown in Fig (1) , an observed difference between the evaluated varieties under the combination of treatments under study was detected during both seasons, whereas the germination ratio overcome in the second season compared to the first season for all varieties under study. AGSC3 and Gkahron varieties gave the highest mean values; while, Ramada variety showed the lowest one during the two successive seasons. These results are in agreement with that obtained by El-Geddawy, Dalia et al., (2014) who mentioned that the difference between verities led to the environmental conditions and gene extraction action, and because of the studied varieties grown in one location, then it could be concluded that the differences between the studied varieties mainly due to gene make up effect.
Stalk length and diameter (cm)
Data in Table ( 3) revealed that sweet sorghum irrigated by fish farm waste water significantly recorded higher values of stalk length and diameters (cm) in the 1 st and 2 nd seasons, compared to that irrigated by well ground water. When irrigation sweet sorghum with fish farm waste water, stalk length exceeds by (109.05 and 109.67 cm), as well as stalk diameter exceeds by (0.91 and 1.32 cm) compared with well ground water during the 1 st and 2 nd seasons, respectively. Moursy (2018) indicated that the morphological measurements were highly enhanced by using agri-aquaculture (fish farm waste water) than ground water resource.
The results in Table ( 3) cleared that the sprayed of gibberellic acid (GA3) concentrations had a significant influence on the stalk length and stalk diameter (cm). Increasing gibberellic acid concentration up to 40 ppm resulted in the highest values of these two traits, while decreasing it to 20 and 0 ppm decreased stalk length and diameter by (15.86 and 37.24 cm) and (0.33 and 0.62 cm), respectively compared to that given at 40 ppm, in the 1 st season. In the 2 nd one also, spraying plants by 40 ppm was the appropriate gibberellic acid concentrations (GA3), which attained (15.67 and 37.17 cm of stalk length) and (0.40 and 0.71 cm of stalk diameter), compared with that resulted by spraying 20 and 0 ppm, respectively. Similar effects of increasing stalk length and diameter (cm) also observed in sweet sorghum crop under aerated conditions (Leite et al. 2011) .
Data presented in Table ( 3) appeared significant differences between the examined sweet sorghum varieties in respect to stalk dimensions (stalk length and stalk diameters) in the two growing seasons. Sweet sorghum variety AGSC3 recorded the highest values of the above mentioned studied characteristics followed by Gkahron variety then Gukorcirok > Ramada in both seasons. It's well-known that the differences between the studied varieties mainly due to gene make up effect. These results are in line with that reported by Abo-El wafa and Abo-El Hamd (2001). The interactions between all the studied factors declared that a significant effect on stalk length (cm) was obtained in the two seasons except for the interaction between gibberellic acid and varieties (B×C). On the other hands, the interaction on stalk diameters was only significant between the sources of irrigation and gibberellic acid (GA3) concentration (A×B) in both seasons. Gross and stripped stalk yield (ton/fed) One of the main objectives of this study is to examine the changes in the gross and stripped stalk yield (ton/fed) of four sweet sorghum varieties using different sources types of irrigation and different gibberellic acid concentrations (ppm) as important in new reclaimed area.
A significant increase in the gross and stripped stalk yield amounted to 14.20 and 10.29 ton/fed accompanying the irrigation by fish farm waste water compared to well ground water was gained in the 1 st season, corresponding to 15.13 and 11.83 ton/fed in the 2 nd one, respectively (Table 4 ). These findings may be due to the additional amount of dissolved biological nitrogen and other nutrients inherent in waste water of fish farm. These results are in accordance with those obtained by Abdelraouf and Ragab (2017) how found that the yield under waste water of fish farm was higher than the yield under well ground water.
A given gross yield was significantly increased by 7.60 and 9.48 ton/fed with increasing gibberellic acid (GA3) concentration from zero to 40 ppm, in the 1 st and 2 nd seasons, successively. On the same trend, stripped stalk yield (ton/fed) was significantly increased by 7.60 and 7.74 ton/fed with increasing gibberellic acid (GA3) concentration from zero up to 40 ppm in 2018 and 2019 seasons, respectively. Increasing gross and stripped yields as GA3 level was raised can be referred to the increase in quantitative traits (stalk length and stalk diameters) that can be attributed to their components or other traits contribute have a direct role them as shown previously in Table ( 3).
Data in Table 4 , revealed a significant difference between the tested varieties in gross and stripped yield (ton/fed). Where, AGSC3 and Ramada variety gave the highest and lowest gross and striped stalk yield in both seasons, respectively. Where, AGSC3 variety overcome by (3.39 and 3.37) and (2.80 and 3.17) ton/fed of gross and stripped stalk yield in 2018 and 2019 season, respectively, compared to Ramada variety. Meantime, the highest yield varieties are distinguished with the highest stalk performance in terms of stalk length and diameter. In this connection, numerous reports showed that individual stalk performance and stalk yield differed greatly among sweet sorghum varieties and most variations are genetically (Abd El-Karim et al., 1999 and Saleh 2004) .
Gross and stripped stalk yield (ton/fed) was significantly influenced by the interaction between irrigation water resources and gibberellic acid (GA3) concentration in the 1 st and 2 nd seasons. However, the highest mean values of gross and stripped stalk yield under irrigation sweet sorghum by fish farm waste water and GA3 40 ppm. Whereas the lowest ones obtained under well ground water irrigation and zero GA3. Meanwhile the interaction between A×B, B×C and A×B×C were not significantly affected the gross and stripped stalk yield during both seasons of this study, these showed that water resources types and gibberellic acid concentration act independent on the pervious characters.
Juice and syrup extraction (%)
Regarding to sources of irrigation water, data in Table 5 revealed that irrigated sweet sorghum by well ground water significantly recorded high value of juice and syrup extraction percentage compared to fish farm waste water irrigation by (4.85 and 3.00% in 2018) and (15.79 and 4.00% in 2019), respectively. These results are in agreement with those obtained by Abdelraouf and Hoballah, 2014. It was apparent that the different GA3 concentrations were influenced significantly. The lowest juice and syrup extractions (%) were noticed with 40 ppm treatment. The maximum extractions among GA3 concentrations were recorded with 0 ppm (control) treatment followed significantly by 20 ppm treatments during both seasons.
A given juice extraction (%) was significantly increased by 4.90 and 8.06 with decreasing concentration of gibberellic acid from 40 to 0 ppm in the 1 st and 2 nd season, respectively. Also, syrup extraction (%) increased by 2.08 and 1.56 by decreasing from 40 to 0 ppm of GA3 concentration, in the first and second season, respectively. Similar finding is reported by Leite et al., (2011) Once more, juice extraction values of sweet sorghum stalks appeared insignificant difference between the tested varieties in the two seasons. Moreover, sweet sorghum syrup extraction (%) revealed significant differences between the tested varieties in both seasons. AGSC3 variety produced the highest syrup extraction values with significant difference over Gkahron, Gukorcirok and Ramada varieties in both seasons. The differences between varieties with respect to their The combined interactions over the two seasons of the studied factors showed insignificantly effect on the juice and syrup extractions (%) of sweet sorghum plants except the interaction between irrigation water resources and gibberellic acid concentration. Purity and sucrose % Data in Table ( 6) revealed that fish farm waste water resource was significantly less efficient than well ground irrigation water on purity and sucrose percentage in the two seasons. Where, the values of purity and sucrose% under well ground water were more than fish farm waste irrigation water for purity by (7.58 and 7.83%) and sucrose% by (1.30 and 1.38%) in 2018 and 2019 seasons, respectively. These results are in agreement with that of Abdelraouf and Hoballah, 2014. Results in Table 6 revealed a significant decrease in purity and sucrose% by increasing gibberellic acid (GA3) concentration from zero up to 40 ppm in both seasons. The decrease in the 2018 and 2019 seasons amounted to (5.20 and 4.81) and (1.18 and 1.17) % for purity and sucrose% as GA3 concentrations decreased from 40 to zero ppm, respectively.
Purity and sucrose (Pol) is the most important feature of juice quality in sugar crops including sweet sorghum. Significant variation among the used sweet sorghum varieties in purity% and sucrose% have been detected in both seasons Table ( 6) . Ramada variety gave the highest purity% and sucrose% values (33.66 and 36.38%) and (9.29 and 13.55%) in 2018 and 2019 seasons, successively. Meantime, AGSC3 variety exhibited the lowest purity% and sucrose% value (31.84 and 34.21%) and (8.77 and 13.02%) in the first and second season, respectively. Worth to mention that sweet sorghum with low sucrose% and high reducing sugars content are more suitable for syrup production and low fermentable industries due to non or less sucrose crystallization takes place through processing (Parvatikar and Manjunath, 1991) . Ma et al., (1992) reported that significant linear correlation between the brix and total sugar content of the juice and the total sugar content could therefore be calculated from brix. In this connection under Egyptian conditions Abd El-Karim et al., (1999) and Allam et al., (2001) mentioned to marked variation in brix values among sorghum varieties.
Sucrose and purity% was significantly influenced by the interaction between water resources and gibberellic acid concentrations in the 1 st and 2 nd seasons ( Table 6 ). The heights mean values of purity% were obtained under well irrigation water and zero GA3. Whereas the lowest ones were obtained under fish waste farm water and 40 ppm GA3 during both seasons of the study. However, insignificant variance in purity % was detected between water resources types under study under different varieties (A×C). On the contrary, the values of sucrose % were significantly affected between water resources under different varieties (A×C) in both seasons.
Purity and sucrose % significantly affected by the interaction between gibberellic acid concentrations and varieties (B×C) (Table 6) in the second season for sucrose and both seasons for purity. Among the studied traits purity % in both seasons and sucrose% in the first season only was affected significantly by the interaction among water resources, gibberellic acid concentrations and varieties (A×B×C) ( Table 6 ). The highest values of purity% and sucrose% were produced from application of well irrigation water and zero ppm of gibberellic acid with Ramada variety.
Gross and juice water use efficiency (kg/m 3 )
Irrigation plants by fish farm waste water had a clear trend with respect to its effect on water use efficiency (WUE) of gross and juice yield in both seasons (Table  7) . Where, applying fish farm waste water increased water use efficiency (WUE) of gross yield by (44.22 and 54.92%) and water use efficiency (WUE) of juice yield (58.39 and 76.94%) during 2018 and 2019 seasons, respectively compared to the irrigation by well ground water.
Results in Table ( 7) cleared that mean values of water use efficiency based on gross and juice yields were significantly increased by increasing GA3 concentrations from 0 to 40 ppm in the two growing seasons. increasing the amount of concentration from zero to 20 and 40 ppm GA3 significantly increased WUE of gross yield by 1.47 and 3.23 kg/m 3 in the 1 st season and by 1.90 and 4.02 kg/m 3 in the 2 nd season, while the increase in WUE of juice yield amounted to 0.44 and 0.61 kg/m 3 in the 1 st season and 0.23 and 0.55 kg/m 3 in the 2 nd season, respectively.
Water use efficiency of gross and juice yield (kg/m 3 ) diferred significantly among varieties in both seasons (Table 7) . AGSC3 exhibited the highest WUEgross (8.53 and 11.79 kg/m 3 ) in the first and second seasons, respectively.
Meanwhile, the highest WUEjuice in first season was of AGSC3 (2.36 kg/m 3 ) followed by Gkahron (2.22 kg/m 3 ) and Gukorcirok (2.16 kg/m 3 ), the variety next in order was Ramada (1.94 kg/m 3 ). Also, in the second season, AGSC3 exhibited the highest value (3.69 kg/m 3 ) followed by Gkahron (3.58 kg/m 3 ) and Gukorcirok (3.51 WUE of gross yield was significantly affected by the interaction between water resources and gibberellic acid application in the first and second seasons. The highest WUE of gross yield (13.27 and 16.83 kg/m 3 ) resulted from aquaculture water resources with 40 ppm of gibberellin concentration in the 1 st and 2 nd seasons, respectively. While, the lowest WUE of gross yield (3.96 and 6.67 kg/m 3 ) resulted from well water resources without gibberellin application in the 1 st and 2 nd seasons, respectively.
Water use efficiency of juice yield significantly affected by the interaction between water resources and gibberellic acid concentrations (A×B), as well as between water resources and varieties (A×B×C), also the interactions among the three factors under study are significantly affected on WUE of yield only in the first season. Applying fish farm waste water and 40 ppm of gibberellic acid concentrations gave the highest and significant value of WUEjuice yield (2.91 kg/m 3 ) in 2017 season. Also, the highest WUE of juice yield was 2.93 kg/m 3 resulted from applying fish farm waste water irrigation on AGSC3 variety in 2017 season. While, the highest trait value (3.27 kg/m 3 ) resulted under the combination among fish farm water waste + 20 ppm GA3 concentration + AGSC3 variety.
CONCLUSIONS
The present study indicated that yield parameters and water use efficiency of sweet sorghum plants were highly enhanced by cultivating AGSC3 variety using fish farm waste water than ground water resource. Foliar spraying the plants by 40 ppm of gibberellic acid increased yield of sweet sorghum, but also enhanced water use efficiency in Wadi El-Natrun region. It was concluded that the use of waste water of fish farms instead of well water for irrigation of plants could help to achieve higher yields, while using less irrigation water and less chemical fertilizers. Additional benefits are less drainage to the drainage network and higher income for farmers.
